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ABSTRACT
Five counties in southeastern V irg in ia  were surveyed to determine 
the status of the population of the endanqered Red-cockaded Woodpecker in coides borealis) ,  and to describe and estimate the extent of the 
available suitable habitat in the area. Observations were carried  
out in a ll clan sites to gather information concerning the foraging 
behavior, vocalization and breeding biology of the species.
The population of the Red-cockaded Woodpecker was found to be very 
low and unstable. Suitable habitat areas in the state were small and 
widely separated. Habitat analysis suggests that the species has 
very specific habitat requirements, preferring to nest in large mature 
pine trees. The preferred foraging substrate was shown not to be 
abundant in the v ic in ity  of the nest tree thus accounting, in part, 
fo r the large home range of the species.
Three basic vocalizations are described fo r the Red-cockaded 
Woodpecker. Vocal behavior is shown to be more complex in this  
species than in other woodpeckers.
Two nesting clans in V irg inia were found to have adult helpers. 
Observations of feeding and incubation rates indicate that helpers 
play only a small part in raising the young.
INTRODUCTION
The Red-cockaded Woodpecker ( Picoides borealis) was declared 
endangered and declining throughout its  range by the United States Fish 
and W ild life  Service in 1968 (USDI 1968). In terest in the species has 
since grown as ornithologists and forestry personnel have searched for 
the causes of its  decline. Although many factors may eventually be 
shown to have s ig n ifican tly  contributed to the population decrease, 
the most important factor is , apparently, the systematic decimation of 
suitable habitat (Jackson et al_. 1977). Modern lumbering practices 
which do not include adequate management considerations for the species 
have caused a precipitous decline in the available habitat throughout 
the range of the woodpecker. A dditionally, d if f ic u lty  in identifying  
the c r it ic a l habitat parameters in the narrow niche of this species 
has hampered the development of beneficial management practices.
In addition to hab itat, other aspects of the biology of the 
Red-cockaded Woodpecker are in need of study. For example, the species 
exhibits a tendency toward social breeding (Ligon 1970) in that 
"helpers" are commonly observed partic ipating in the raising of the 
young. The biological significance of this phenomenon is unclear.
Ligon (1970) and Morse (1972) raised questions about in trasp ec ific , 
sexual foraging differences. More information concerning home range 
characteristics as well as basic aspects of the behavior of th is  
species is needed.
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Generally, studies with endangered species are d i f f ic u lt .  
Population levels tend to be low and unstable. Color marking 
procedures are d i f f ic u lt  to employ and often illadv ised . Although 
quantitative data are most desirable, observational information must 
be accepted.
Major studies concerning the various aspects of the biology of 
the Red-cockaded Woodpecker have been carried out in almost every 
part of its  range. In the state of V irg in ia , the only s ign ifican t 
work was done on the species in 1957 by S te ir ly . More information 
concerning regional population levels is urgently needed, as are 
s ign ifican t additions to the knowledge about the basic biology of the 
species. Jackson ert al_. (1977) in the preliminary d ra ft of the 
Red-cockaded Woodpecker recovery plan emphasized the importance of 
continued research e ffo rts  on th is species.
The objectives o f this study were:
1) To in it ia te  a comprehensive survey o f suitable habitat 
areas in southeastern V irg in ia  in an e ffo r t to determine 
present population levels and to estimate past population 
levels .
2) To describe the habitat comprising the support stand of 
known active or recently active clan s ite s , to describe 
characteristics of the cavity trees, and to explore re la tio n ­
ships between the cavity tree and the support stand
3) To estimate nesting success in areas with known Red-cockaded 
Woodpecker a c tiv ity
4) To study the social structure and foraging behavior of the 
species in V irg in ia
5) To describe the vocalizations and accompanying behavior o f 
the species in V irg inia
6) To make observations on home range, breeding biology, and 
daily  a c tiv itie s  of the species.
U ltim ately , the goal of th is  study was' to provide s u ffic ie n t  
information to allow the formulation o f adequate management procedures 
fo r the species in V irg in ia .
LITERATURE REVIEW
H is to ric a lly , the periphery of the range of the Red-cockaded 
Woodpecker included portions of Ohio, New Jersey, Maryland, and 
northeastern Oklahoma. R elatively stable populations existed in 
most o f the southeastern United States, p a rticu larly  in the Carolinas, 
Georgia, M ississippi, Louisana and Florida (Jackson 1971). Current 
populations of the species, however, are not contiguous and are 
becoming more fragmented, presumably because of extensive habitat 
decimation (Jackson 1971).
Although the Red-cockaded Woodpecker was reported breeding in 
Maryland in 1939 (Meanly 1943), the southeastern portion of the state  
of V irg in ia may now represent the northern extent of its  range.
Early reports from V irg inia showed the range of the species in the 
state to include the southwestern portion (Giles county) (Bailey 1913). 
Later Murray (1952) termed the species a "scarce resident of the 
southeastern corner of the state from Richmond south to Brunswick 
county and east." Murray also reported observations in Dinwiddie 
county, Chesterfield county and Albermarle county. The most recent 
observations have been in southeastern V irg in ia  where S te ir ly  (1957) 
reported clans in Prince George, Sussex and Southampton counties. 
S te ir ly  places the northern lim it of the species in V irg in ia in 
central Prince George county and suggests the p o ss ib ility  of a 
breeding s ite  as fa r west as Greensville county.
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6Jackson (1971) conservatively estimated the Red-cockaded Wood­
pecker population in the state of V irg in ia  to be twenty-one 
individuals. S te ir ly  (1957) knew of two clan sites in Sussex, Prince 
George and Is le  of Wight counties but made no estimate of the number 
of birds u tiliz in g  these s ites . E a rlie r reports by Bailey (1913) and 
Murray (1952) indicated that the population in the state was very low.
Throughout its  range, the Red-cockaded Woodpecker shows a d e fin ite  
preference for liv e  pine trees for roosting and nesting (S te ir ly  1957, 
Ligon 1970). Cavity tree species, however, vary throughout the range. 
Generally, birds in the more southern reaches of the range (F lo rida , 
southern Georgia, Alabama and Mississippi) u t i l iz e  Longleaf Pine 
( Pinus p a lu s tris ) or Slash Pine ( J P .  e l l i o t i i ) .  Individuals in more 
northerly portions u t i l iz e  Loblolly Pine (JP. taeda) or Short!eaf 
Pine (£ . echinata) (Jackson 1971). Cavities in V irg in ia  Pine 
(P. v irg in iana) have been reported in Tennessee (Nicholson 1977) and 
cavities in Pond Pine (_P. serotina) have been reported in North 
Carolina (Carter 1974) and in V irg in ia  (S te ir ly  1957), but use of 
these two species is uncommon. Pinus taeda is  the most commonly used 
cavity tree species in V irg in ia , although several cavities have been 
found in Shortleaf Pine ( f \  echinata) (S te ir ly  1957 and th is study).
In most cases large, mature trees are chosen fo r excavation. 
Longleaf Pine (_P. pa lu s tris ) cavity trees measured in Florida averaged 
f i f t y  years of age (Crosby 1971). Ligon (1970) noted, however, that 
in some areas in Florida Longleaf Pines as young as fo rty  years are 
u tiliz e d  fo r cav ities . Young pines, however, are not often selected. 
Wood (1975) summarized the measurements from the lite ra tu re  fo r the 
fiv e  most commonly used pine tree species (P_. taeda, P_. p a lu s tris ,
P.  echinata, P.  sero tina, and f \  e lT io t i i ) and reported that the mean 
age of cavity trees in each species was a t least severity years. A 
study by Thompson and Baker (1971) in South Carolina also showed a 
preferentia l selection of older trees for cavity excavation in these 
species. S te ir ly  (1957) measured fiv e  cavity trees ( P .  taeda) in 
V irg in ia  and found the average age to be ju s t over one hundred years.
The mean diameter at breast height for one hundred and f i f t y - f iv e  
Shortleaf Pines (IP. echinata) measured in Oklahoma was 17.2 in . (Wood 
1975). The height of these cavity trees averaged 81.3 f t .  The 
diameters of twenty longleaf Pine (_P. p a lu s tris ) cavity trees measured 
in Florida averaged 14 in . (Crosby 1971). In North Carolina P.  taeda,
P. p a lu s tris , IP. serotina and £. echinata are commonly u tiliz e d  for 
cav ities . Measurements by Carter (1974) in several areas in North 
Carolina indicate that a ll  of these species except P_. palustris had 
average heights greater than 60 f t .  The average diameters of a ll  of 
these species except P. echinata were greater than 17 in . (Carter 1974). 
In his summary, Wood (1975) reported the average diameter of fiv e  of 
the species o f pines used w ithin the range of the Red-cockaded 
Woodpecker as greater than 15 in . He further indicated that the 
average heights of these trees were over 65 feet fo r each species. 
S te ir ly  (1957) did not measure the diameter of his sample o f five  cavity  
trees in V irg in ia but the mean height of the Loblolly Pines he studied 
was 77.5 f t .
Red-cockaded Woodpecker excavations in hardwood trees are rare.
A report by Murphy (1939) indicated use of a willow tree for 
excavation and Jackson (1977a) reported the finding of a cavity in a 
Bald Cypress (Taxodium disticum) in South Carolina. No successful
8nesting a c tiv ity  has been known to take place in a non-living tree .
Southwesterly orientations fo r Red-cockaded Woodpecker cavities  
are commonly reported. This preference has been observed in Florida 
(Baker 1971), South Carolina (Hopkins and Lynn 1971 and Dennis 1971), 
Georgia (Jones and Ott 1973), North Carolina (Carter 1974), and 
Oklahoma (Wood 1975).
A preference fo r fungus infected cavity trees is well documented 
(Murphy 1939, S te ir ly  1957, Ligon 1970, Jackson 1971, Crosby 1971).
The fungus most often id e n tifie d  in these cavity trees is Fomis p in i, 
the red heart fungus (Ligon 1971, S te ir ly  1957). Even though older, 
mature pine trees are considered most susceptible to Fomis pini 
(S te ir ly  1957), younger trees may also become infected (Ligon 1970). 
Absence o f the fungus does not necessarily preclude the successful 
completion of a cavity (Lay and Russell 1970, Beckett 1971, Newsom 1977).
Speculation continues concerning the mechanism by which the 
species u tiliz e d  the fungus. Work by Crosby (1971) suggests that a 
possible determinant of cavity height is the position of the Fomis 
column in the tree . This implies e ither that the woodpecker is able 
to detect the presence of the disease or that its  excavation a c tiv it ie s  
fa c il i ta te  the introduction of the fungus. The only foolproof 
external indicator of Fomis pini is the bracket lik e  sporophyte 
which may not develop in a diseased tree for many years a fte r  
in festation (A ffeltranger 1971). There is no current evidence that the 
Red-cockaded Woodpecker interacts in any way with the sporophyte 
to determine the presence o f the fungus. S te ir ly  (1957) noted that 
infected trees possess d iffe re n t resonance qu a lities  when pounded 
with an ax. This could lead to the suggestion that the woodpecker
may locate the infected portion o f the tree by drumming along the 
trunk. But drumming in this species is rare ly  observed (Ligon 1970 
and th is study). Recent work by Jackson (1977) indicates that the 
red heart in festation is most lik e ly  a by product o f the Red-cockaded 
Woodpecker excavation a c tiv it ie s . S tart cavities apparently provide 
an adequate pathway for in festation by the wind born spores o f the 
fungus.
Because o f the recent rapid decline in suitable habitat for the 
Red-cockaded Woodpecker, i t  has become c r it ic a l ly  important to 
delineate the important parameters not only o f the cavity trees but 
o f the surrounding habitat as w ell. Consideration o f support stand 
characteristics , such as frequency o f potential cavity trees per unit 
area or understory growth, are important to a complete understanding 
o f the habitat o f the Red-cockaded Woddpecker. Crosby (1971) 
quantified the support stand in several clan sites in Florida in 
an attempt to estimate c r it ic a l stand density. Although his results  
were inconclusive he noted the importance o f low understory vegetation 
in his study s ites . In Oklahoma, understory and midstory heights 
tended to be lower in areas u tiliz e d  intensively by the Red-cockaded 
Woodpecker (Wood 1975). Density o f understory trees was higher in 
these intensively used areas (Wood 1975). Carter (1974) 
reported that stand densities in his study area in North Carolina 
were highly variable due to intensive logging. Over one h a lf o f the 
clan sites surveyed by Hopkins and Lynn (1971) in South Carolina had 
very lig h t understory. Jackson e t. a l . (1977) wrote "Dense stands, 
stands too young to include trees infected with red heart and stands 
that are prim arily hardwood do not generally have Red-cockaded
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Woodpecker cavity tree s .'1 The fact that the habitat in V irg inia  
consists of pine stands with heavier undergrowth than found in 
portions of the range fa rther south (S te ir ly  1957) indicates the need 
fo r further studies to characterize the habitat of this species, 
p articu la rly  on the margins of its  range.
Estimates o f clan s ite  size and home range which would increase 
the understanding of support stand requirements are only now being made. 
Wood (1975) reported the average minimum distance between cavity  
trees in the clans in his study area in Oklahoma to be 58 m. A 
sim ila r average of 64 m. was reported for clans studied in South 
Carolina by Hopkins and Lynn (1971). However, wider separation of 
clan cavity trees is possible. The maximum separation between 
cavity trees in some clans in Oklahoma was 630 m. (Wood 1975) and in 
South Carolina the maximum distance was 342 m.(Hopkins and Lynn 1971). 
Work in Texas showed clan trees to be separated by as much as 400 m 
(Lay et a]_. 1971). .
Baker (1971) estimated that the clan in his study area in 
Florida u tiliz e d  about 162 acres in the summer. Crosby (1971a) 
estimated a spring u tiliz a t io n  area of 35.5 and 49.2 acres for adult 
pairs in Florida. Other estimates by Lay and Russell (1970) were 
66 and 167 acres for clans in two forest areas in Texas. Skorupa and 
McFarlane (1976) reported that the maximum to ta l u t iliz e d  areas 
(summer and w inter) fo r two clans studied in South Carolina were 
119.2 and 198.5 acres respectively.
The breeding biology of the Red-cockaded Woodpecker has been 
studied in some d e ta il. The tendency to nest in clans of up to eight 
adults is well known. The evolutionary significance o f this
nphenomenon, which has also been found in the Acorn Woodpecker 
(Melanerpes formicivorus) (MacRoberts and MacRoberts 1976) and in 
the Florida Scrub Jay (Aphelocoma c. coerulescens) (Woolfenden 1975) 
is poorly understood.
Ligon (1970) reported that egg laying in Florida occurred 
between 21 April and 4 June. In South Carolina Jones (1963) reported 
that one pair had begun to nest by 21 A p ril. Peak egg laying in 
Tennessee seems to be between la te  April and early May (Nicholson 1977). 
The incubation period in the nests studied by Ligon in Florida was 
as short as 10 days (Ligon 1970).
Baker (1971) observed feeding of young at two nests in Florida 
and reported a great variation in the number of food v is its  per 
observation hour. V is its  per hour fluctuated widely in both nests 
with helpers and nests without. Ligon (1970) observed that nestlings 
received more food v is its  early and la te  in the day. However, the 
work by Baker indicates that the peak feeding hours are in the morning 
between 9:30 am and noon.
Ligon (1970) reported that the fledging success in his population 
in Florida was fa ir ly  low. He never observed successful fledging of 
more than two young even a t nests with helpers who were presumed to 
be feeding the young. He attributed  th is low success to the fact that 
asynchronous hatching causes the f i r s t  hatchling to have an advantage.
An advantage the th ird  or fourth and often the second hatched 
apparently never overcome (Ligon 1970). Ligon showed that weight 
gain in the f i r s t  49 to 73 hours a fte r  hatching is much faster in the 
f i r s t  hatched young than those that follow. This large weight
12
advantage in the f i r s t  chick may not be overcome with the aid of 
the helpers since the helpers frequently do not begin feeding the 
young un til the th ird  or fourth day a fte r  hatching (Ligon 1970).
Ligon (1970) and Morse (1972) raised questions concerning 
possible in traspecific  d iffe re n tia l u t iliz a t io n  of foraging substrate 
between sexes in th is species. The function of such a partition ing  
o f foraging space, and whether or not i t  occurs in th is  species is 
unclear.
The Red-cockaded Woodpecker exhibits many behavioral p e c u lia ritie s . 
Most of these pecu lia rities  are focused on the excavation and 
maintenance of the nest or roost cavity . A large amount of time is 
spent maintaining "Resin Wells" so that fresh pine sap w ill continually  
exude (S te ir ly  1957, Ligon 1970, Dennis 1971a). The function of 
the pine resin as protection against predators has been studied by 
Dennis (1971) and Jackson (1974).
The vocal repertoire of the Red-cockaded Woodpecker is large and 
complex (Ligon 1970). Ligon (1970) described th irteen  d is tin c t c a lls , 
the functional importance of which are only p a r t ia lly  understood.
Wood (1975) was able to discern three d iffe ren t vocal communications 
in his study population in Oklahoma. Lynn and Hopkins (1971) 
commented on how vocal members of the species were when foraging as 
a group.
STUDY AREA
The most recent reports of active Red-cockaded clan sites in 
Virg in ia are from Sussex and Prince George counties (S te ir ly  1957). 
Because of these reports the e ffo rts  of th is study were concentrated, 
exclusively, in the counties in the southeastern corner of V irg inia  
(Figure 1 ). The overall study area included Prince George, Sussex,
Is le  of Wight, Southampton, Greensville and Brunswick counties.
Successional stands of Pinus taeda predominate in southeastern 
V irg in ia . Because of the presence of an extensive r iv e r drainage system, 
there are some large areas of hardwood swamp (S te ir ly  1957).
P ractica lly  a ll of the pine acreage in the counties included in the 
study area is p riva te ly  owned and currently under intensive timber 
management. The ch ief timber management technique involves clear 
cutting and planting to develop even aged stands. Cutting rotations  
in these stands appear, in most cases, to be shorter than 50 years.
A moderate amount of the merchantable timber in Sussex county is 
"selectively cut." This process involves se lective ly  removing large 
pines from stands in an e ffo r t to harvest trees of greatest size and 
leave other trees to add more incremental growth.
Intensive observations of active sites were carried out prim arily  
in Sussex and Is le  of Wight counties.
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Figure 1. Map showing Red-cockaded 
Woodpecker study area
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MATERIALS AND METHODS
Unless otherwise noted, a ll  terminology re la tin g  to the cavity  
tree or other aspects of the biology of the Red-cockaded Woodpecker 
w ill follow that of Jackson and Thompson (1971).
The Survey
The purpose of the survey was to determine the extent of the 
population of the Red-cockaded Woodpecker and the extent of the 
suitable habitat for the species in southeastern V irg in ia . The 
counties of Sussex, Surry and Is le  of Wight were surveyed completely, 
as were portions of Southampton and Prince George counties.
The survey was conducted in three phases. In i t ia l ly ,  county 
foresters and timber company personnel in each county were contacted 
and asked about known Red-cockaded Woodpecker clan s ites . A dditionally , 
these personnel were questioned about the location of areas of mature 
timber. Known sites were v is ited  and the surrounding area searched 
fo r evidence of recent a c tiv ity . Stands o f mature timber which were 
known to the forestry personnel were usually searched on foot.
The second phase consisted of road surveys sim ilar to the 
technique used by Wood (1975) in Oklahoma. A ll roads which were 
shown on the most recent topographic sheets were covered by car.
Each forest stand which was in view of the road was subjectively typed 
and recorded on topographic sheets. Stands were c lass ified  as
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1) Mature Pine, 2) Young Pine, 3) Plantation Pine 4) Mixed Pine- 
Hardwood and 5) Hardwood (Table 1 ), The frequency of these types 
was then calculated from the topographic sheets fo r the purpose 
of the discussion.
The th ird  phase of the survey consisted of searching each suitable  
habitat area on foot. Generally, this was done concurrently with the 
road survey. Most mature pine stands, mixed pine-hardwood stands and 
some hardwood stands were searched. Most road and foot surveys were 
done during the winter months between 1 January and 1 A p ril, 1977 
and November 1977 through 1 April 1978, when leaves did not obstruct 
views.
When evidence of Red-cockaded Woodpeckers was found ( i . e . ,  cavity  
trees) the position was marked on the topographic sheets. Each o f 
these sites was subsequently v is ited  at least once, usually during the 
breeding season, to determine a c tiv ity . I t  was f e l t  that observation 
periods o f two hours per s ite  were su ffic ien t to determine a c tiv ity  
during the nesting season. Some sites were observed in the winter 
months. In these observations, the two hour period was spent near 
roosting time. Estimates of numbers of birds per s ite  are based on 
these observations. No trapping or banding was attempted.
The Habitat Study
The primary purpose o f the habitat study was to delineate  
%objectively the parameters of a suitable Red-cockaded Woodpecker 
support stand in V irg in ia . Sampling was restric ted  to habitat areas 
that appeared not to have been recently timbered and to which recent 
past a c tiv ity  could be attribu ted .
Table 1. Timber Type C lassification for Habitat Survey.
1) Mature Pine
2) Young Pine
3) Plantation Pine
4) Mixed Pine- 
Hardwood
5) Hardwood
Stands which contained predominantly 
old pines were c lass ified  as mature. 
Pine trees were considered mature 
i f  the bark appeared smooth and the 
top was somewhat rounded and worn. 
Older pines generally show a large 
diameter at breast height
Stands which contained few i f  any 
old pine and no hardwood were 
considered young pine. These 
were usually stands which were 
being managed and were at even age.
Stands which contained recently  
planted pines or which had 
recently been cut and were ready to 
be planted in pine were c lass ified  
as plantation pine.
Stands which were predominatly 
hardwood but contained a moderate 
number of large pines were 
c lass ified  as mixed pine-h*rdwood.
Hardwood stands contained few 
i f  any large pines and were 
characteristic  of low drainage areas.
Habitat variables were measured in two groups a fte r  Conner and 
Adkisson (1977). Microhabitat was considered that portion of the 
habitat of the species which consisted of variables measured on the 
cavity trees. These variables included cavity tree height, diameter 
o f the cavity tree , age o f the cavity tre e , distance of the cavity tree  
to the nearest clearing, number of s ta rt cavities per cavity tree , 
number of complete cavities per cavities per cavity tre e , and mean 
height of the complete cav ities . A dditionally , the compass facing 
of each started and completed cavity  was noted (Table 7 ). Macro­
habitat variables were those variables which were measured in the 
support stand which immediately surrounded each group of cavity trees. 
The macrohabitat variables measured were the number of small pines, 
the number o f small hardwood trees, the number of medium sized pines 
and hardwoods and the number of big pines and hardwoods (Table 8 ).
Microhabitat variables were measured on a l l  cavity trees located 
during the course of the study in the counties of Sussex, Is le  of 
Wight, and Southampton. Some, but not a l l  cavity trees found 
subsequent to the f i r s t  summer of th is study were included in the data. 
Ninety cavity trees were sampled.
Cavity tree heights and cavity heights were measured with a 
Dur-site Range Height Finder. The in i t ia l  sighting for distance was 
at eye le v e l, thus 5.5 f t  was added to each f ie ld  reading to compensate 
fo r my height. The ages of the cavity trees were approximated by 
counting annual rings on increment borings. Diameters were measured 
at breast height (about 3.3 f t )  with a standard diameter tape.
Sightings fo r distance to the nearest clearing were generally made 
from the clearing to the cavity tree using the Duo-site Range Height
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Finder. For the purpose of this study a clearing was subjectively  
defined as any large break in the forest canopy. Usually the nearest 
clearing was a large f ie ld  or open area near a road. Cavity trees 
which were situated along the edge of a road or a f ie ld ,  or in the 
center of a stand which had been s ig n ific an tly  thinned, were considered 
to be located within a clearing and the value fo r the distance to 
the nearest clearing was set a t zero fo r these trees.
For each cavity tree the number o f s ta rt cavities and the number 
of complete cavities was determined. S tart cavities were id en tified  
as pyramidal shaped spots of intensive pecking that had not reached 
the heart wood. There were generally resin wells associated with 
these s ta rt cav ities . Complete cavities were id e n tified  as cavities  
in which the horizontal tunnel had been completed and the vertica l 
portion was completed or being excavated. Complete cavities were 
not necessarily adequately excavated to support a roosting bird .
No attempt was made to determine the presence or absence of the 
fungus Fomis pini by culturing increment borings. I f  exterior  
evidence of the fungus was present or i f  adjacent trees were infected  
i t  was noted that the cavity tree most l ik e ly  was infected.
Twenty-five Red-cockaded Woodpecker clan sites were considered 
suitable fo r intensive macrohabitat analysis. C rite r ia  for selection  
of sites fo r macrohabitat analysis were as follows:
1) The study s ite  must have been located in a forest stand
that had not been altered by lumbering w ithin recent history. 
Recent lumbering was determined by inspecting the area for 
newly planted trees and lack of substantial ground cover or by 
consulting local foresters or both.
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2) No s ite  in which at least one re la tiv e ly  recent, liv e  cavity  
tree could not be located was sampled.
3) No s ite  which contained only trees with s ta rt cavities  was 
sampled.
4) No s ite  with a support stand smaller than the area of the sample 
plots was sampled.
Current a c tiv ity  was not a c rite rio n  fo r selection, but due to the 
re s tr ic tiv e  sampling technique almost a ll o f the areas sampled were 
areas in which at least one Red-cockaded Woodpecker was seen during 
the course of the study.
Almost a ll  of the areas suitable fo r sampling were located in 
Sussex county. One s ite  in Is le  of Wight county and one in 
Southampton county were sampled.
The macrohabitat variables were measured on three sample plots 
placed in the support stand in the area of the cavity trees. Plots 
were placed lin ea rly  at 40 yd in tervals with the center p lo t including 
at least one cavity tree . Each p lo t consisted of a c irc le  with a 
diameter of 40 f t .  Within the c irc le  o f each plot a l l  trees with 
diameters (a t breast height) o f 2 in. or greater were measured and the 
species o f each was noted. Double stem trees were recorded as the 
average of the two stems. P artition ing  of the data yielded the above 
mentioned variables. Trees were c lass ified  on the basis of diameter 
as small (2-5.99 in.), medium (6-12 in j ,  or large (greater than 12 in.).
I t  was assumed that stems with diameters between 2 and 6 in. contributed  ^
s ig n ifican tly  to the understory of the stand. No attempt was made to 
measure the height of the understory.
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Data from the macro- and microhabitat analysis was entered fo r  
storage and manipulation into a disk f i l e  a t the computer center a t 
the College o f William and Mary. The S ta tis tic a l Package fo r the 
Social Sciences (SPSS) (Nie e t a l . 1975) and the S ta tis tic a l Analysis 
System (SAS) (Barr and Goodnight 1972) were used to analyze the data.
A correlation matrix was constructed fo r the microhabitat 
variable group and the combined macrohabitat and microhabitat 
variables. A separate factor analysis was performed on each of 
these matrices. The combined macrohabitat and microhabitat matrix 
contained only microhabitat variables from those trees in the support 
stands sampled for macrohabitat.
Factor analysis is prim arily a data-reduction technique which 
fa c ilita te s  exploration of a correlation matrix in an attempt to 
describe any underlying relationships between the variables in 
question (Nie ertal_. 1975). This type of analysis was chosen because 
of its  assim ilative po ten tia l. Conventional univariate methods of 
analysis re s tr ic t  in terpretation of groups o f variables and cannot 
uncover subtle structuring within the variables. The cavity tree  
a ttrib u te  data and macrohabitat data have been summarized for the 
purpose of the discussion (Tables 5 and 6 ).
The process of factor analysis essentia lly  involves the mathamatical 
extraction of c r it ic a l factors from the correlation matrix which 
are lin ear combinations of the measured variables in the m atrix, and 
which account maximally for a certain proportion o f the variance in 
the matrix (Nie et a]_. 1975). Each factor is extracted h ierarch ica lly  
from the residual variance until most of the variation is accounted 
fo r. Individual variables can then be related to the hypothetical
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factors by correlation as long as the factors are extracted orthogonally 
(Comprey 1973).
In this study the factors were extracted from each matrix 
orthogonally using the principal components, PA1, routine outlined  
in SPSS (Nie e t  aJ_. 1975). The in i t ia l  factors were rotated to a 
terminal solution using the VARIMAX rotation of SPSS (Nie e t al_. 1975).
In order to better understand the relationships between the 
structures of the macrohabitat and the microhabitat data, a canonical 
correlation analysis was performed. "The basic strategy o f canonical 
correlation analysis is to derive a lin ear combination from each set 
of variables in such a way that the correlation between the two 
lin ear combinations is maximized" (Nie et al_. 1975). In th is case 
these sets of variables would be those of the macrohabitat and 
microhabitat. Just as in the factor analysis procedure, the succeeding 
canonical variates describe a residual variance and are assumed to 
be orthogonal.
The frequency distributions of the compass bearing for the 
complete and s ta rt cavities were tested for the presence of a mean 
angle using the technique described by Zar (1974).
The Foraging Study
Observational data were collected on foraging a c tiv it ie s  a t a ll  
active sites during the study period. The m ajority of the information 
was gathered during the breeding months or in the time immediately 
preceding or following breeding. Foraging observations were conducted 
period ically  between April through mid July 1977 and April through 
June 1978. Winter observations were made in December of 1977 and 
January, February and March of 1978.
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Any observation of a foraging Red-cockaded Woodpecker was 
considered a foraging encounter. The bird was considered foraging i f  
i t  was active ly  searching for food and did not appear to be disturbed 
by my presence. At each foraging encounter the species and diameter 
of the tree being u t iliz e d , the position of the bird on the tree and 
the length of time spent and movement pattern during and a fte r  the 
encounter were noted. A dditionally, the presence or absence of 
conspecifics or other species was noted as was the foraging technique 
and the vocalization, i f  any. I f  more than one Red-cockaded Wood­
pecker was encountered foraging in the same tree , the re la tiv e  
position of each was noted.
When groups of foraging Red-cockaded Woodpeckers were encountered, 
foraging data^wasf taken on one of the members of the group at a time.
A typical observation period lasted un til the bird being observed 
moved out of sight or engaged in some a c tiv ity  other than foraging.
Since i t  proved to be impossible to id en tify  sexes re lia b ly  in 
unmarked foraging birds, no attempt was made to study differences 
in foraging between sexes.
Seasonal independence of foraging substrate preference, vocalization  
and group foraging was tested with the chi-squared test a fte r  Sokal 
and Rolf (1969). The capab ilities  of "Speakeazy" were used to do the 
calculations (Cohen and Pieper 1977). Pooling of cells  or elim ination  
of low frequency ce lls  were used to avoid expected ce ll frequencies 
lower than 5.
Vocalizations
The vocalizations of the Red-cockaded Woodpecker were recorded 
with a Uher 4000 Report-L Tape Recorder with the aid of a parabolic
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re fle c to r. Sonagrams of the vocalizations were produced at the 
V irg in ia Polytechnic In s titu te  and State University with a Kay 
E lectric  Company Sonagraph type B/65. Sonagrams were made at wide 
band pass. The functional significance of the vocalizations was 
delineated through observations of the birds during a ll aspects of 
the daily and annual cycle.
Behavior and Breeding Biology
During the breeding seasons of 1977 and 1978, a ll day watches 
were done on nine d iffe ren t occasions at four clan s ites . Most clan 
sites were v is ited  for at least three hours each day. Information 
concerning feeding rates, brooding, etc. was gathered during these 
observations. Descriptions of s ig n ifican t in terspec ific  and in tra ­
specific  behaviors are derived from f ie ld  notes from observations 
conducted during the breeding season.
Feeding rate data"was tested fo r differences in v is its  per 
observation hour between the four sites observed and between 
observation hours during the a ll day watches with a two-way analysis 
o f variance (Nie et  ^ al_. 1975). Homogeneity of the variances was 
tested with the F-max test (Sokal and Rolf 1969).
Incubation data were collected'during p a rtia l day surveys a t two 
nests. Each nest received a one h a lf day watch on successive days.
The f i r s t  watch was in the morning the second in the afternoon. 
Differences in the mean incubation time between the two nests was 
tested with the students t - te s t  (Sokal and Rolf 1969).
• A study o f the nesting success of the Red-cockaded Woodpecker 
was undertaken in the summer of 1977 and 1978. Beginning in early  
April each s ite  in Prince George, Surry, Southampton and Is le  of Wight
counties was v is ited to determine the extent of recent a c tiv ity .
Evidence of recent a c tiv ity  includes fresh pecking a t resin w ells,
fresh resin flow and scaling of bark on the cavity tree and adjacent
trees (Jackson 1977a). Each area was v is ited  once per week until
early  May. Beginning in the f i r s t  week in May each cavity tree
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which exhibited recent a c tiv ity  was climbed and checked for eggs. 
Cavities were viewed with a flash lig h t and m irror. Clutch numbers 
fo r the few known active nests in these counties were obtained. 
Subsequent checks were made to determine numbers of eggs hatched. 
Incomplete breeding data W&s obtained for some o f the nests observed 
in 1977 because they were found to be active only a fte r  the young 
had hatched. These nest records are not included on Table 18.
RESULTS
SURVEY RESULTS
Potential Suitable Habitat
Results from the estimates of timber types from areas surveyed in 
Surry, Is le  o f Wight, Southampton and Sussex counties indicate a 
paucity of mature pine habitat (Table 2 ). Mature pine stands made up 
less than 7% of a ll  typed stands. Well over one h a lf of a l l  the 
timber stands typed were considered young pine or plantation pine. 
Relatively large portions of the surveyed acreage consisted of stands 
that were considered pine-hardwood or stands that were predominatly 
hardwood. Sussex county contained more mature pine timber than any 
of the other counties surveyed.
Population
Although a reasonably large number of clan sites were discovered 
during the survey, a c tiv ity  could be detected in only a few cases 
(Tables 3 and 4 and Figures 2 through 6).
Sussex county (Table 3 and Figure 2) contained more clan sites (32) 
than any of the other counties. In 1977, Red-cockaded Woodpeckers 
were seen in the v ic in ity  of sixteen of these th irty-tw o sites and 
more than one bird was spotted a t nine of the sixteen. However, 
in 1978, birds were seen at only nine of the sites and pairs of 
Red-cockaded Woodpeckers were observed at only three of the nine s ites .
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Nesting a c tiv ity  at the active sites in Sussex county was d i f f ic u lt  
to locate. In 1977, nesting could only be observed in six of the s ix­
teen active clan s ite s , and in 1978 only two sites showed nesting 
a c tiv ity .
Four possible clan sites were found in Surry county in the 
winter of 1978 (Table 4 and Figure 3 ). No Red-cockaded Woodpeckers 
were seen a t any of these sites during subsequent watches during the 
breeding season. The cavity trees in a t least one s ite  have since 
been cut.
Five sites were discovered in Is le  of Wight county (Table 4 
and Figure 4 ). Woodpeckers were seen at two of these in 1977 but no 
nesting a c tiv ity  could be found. No birds were seen in th is county 
in 1978.
We were aware of one clan in Prince George county (Table 4 and 
Figure 6) and one in Southampton county (Table 4 and Figure 5).
Three birds were seen in Prince George county in 1977. An active  
nest tree could not be located, however.
RESULTS OF THE HABITAT STUDY
All but two of the cavity trees measured in the study area were 
£ . taeda. Two cavity trees were P.. echinata. Generally, the cavity  
trees were large and mature (Table 5).
The Factor Analysis
The Analysis of the microhabitat variables resulted in the 
extraction of seven factors (Table 9 ). The f i r s t  three factors 
have essentia lly  identical eigenvalues and fiv e  factors are needed to 
account fo r over 80% of the to ta l variation (Table 9 ). The variable
Tab le  2 . Percent o f  Tim ber Types in  Surveyed Area
MATURE PINE
YOUNG PINE
PLANTATION
PINE
MIXED PINE- 
HARDWOOD
HARDWOOD
SURRY#
5.06*
54.34
8.24
14.31
18.10
ISLE OF 
WIGHT*
4.96
57.80
4.85
16.90
15.55
SOUTHAMPTON
2.84
62.54
4.07
11.16
19.39
SUSSEX
6.06
67.04
4.51
3.44
18.93
# includes small part o f Prince George.County 
+ includes small part o f City o f Suffolk
*  % o f to ta l stands typed
Table  3. R esu lts  o f  Survey fo r  Sussex County.
1977 1978
Site active nesting clutch active nesting
a Y (5) Y Y (2) » X
b Y (2) X X X
C Y (1) X X X
d X X X VA
c X X X X
f Y (1) X Y (1) X
9 Y (2) X Y (1) X
h X X X X
i Y (1) X Y (1) X
k X X X X
1 X X X X
m X X X X
0 Y (2) Y 3 Y (1) X
P Y (3) Y 3 Y (2) Y
r X X X X
s Y (1) X X X
t X X X X
u Y (1) X X X
V Y (2) Y Y (2) Y
w Y (1) X X X
X X X X X
y Y (2) Y Y (1) X
z Y (2) X Y (1) X
clutch
3
Table  3 , c o n 't .  R esu lts  o f  Survey f o r  Sussex County.
1977 1978
S ite  active nesting clutch active nesting
bb X X
ee Y (2) Y Y (1) X
f f X X X X
gg Y (1) X Y (1) X
I I X X X X
33 X X X X
dd X X X X
cc X X X X
hh X X X X
clutch
(Y=active or nesting; number in ()= largest number of Red-cockaded 
Woodpeckers observed in area; X=not active or nesting; ND=not discovered 
u n til 1978)
Table 4. Survey Results for Is le  of Wight, Surry, Prince George and 
Southampton Counties.
1977 1978
SITE ACTIVE NESTING CLUTCH ACTIVE NESTING
Is le  of Wight
a Y (3) X X X
b Y (2) X . X X
c ND X X
d ND X X
e ND X X
Surry
a ND X X
b ND X X
c ND X X
d ND X X
Prince George
a Y (3) X X X
Southampton
a X X X X
(Y=active or nesting; number in ()= largest number of Red-cockaded 
Woodpeckers observed in area; X=not active or nesting; ND=not d is­
covered un til 1978)
CLUTCH
Figure 2. Map Showing Red-cockaded Woodpecker Clan Sites in 
Sussex County (s s ), 1977-1978.
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Figure 3. Map Showing Red-cockaded Woodpecker Clan Sites in 
Surry County (su), 1977-1978.
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Figure 4. Map Showing Red-cockaded Woodpecker Clan Sites in 
Is le  of Wight County (iw ), 1977-1978.
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Figure 5. Map Showing Red-cockaded Woodpecker Clan Sites in 
Southampton County (so), 1977-1978.
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Figure 6. Map Showing Red-cockaded Woodpecker Clan Sites in 
Prince George County (pg), 1977-1978.
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communalities are reasonably high except fo r that of the variable  
which measured the distance of the cavity tree to the nearest clearing  
(DNC) (Table 10). Only one th ird  o f the variance in that variable  
can be accounted fo r by the factor loadings. The f i r s t  three factors, 
those with eigenvalues greater than one, w ill  be discussed in deta il 
here (Table 11).
Microhabitat Factor I —The diameter at breast height (DBH) of 
the cavity tree and the number of s ta rt cavities in the tree correlated 
meaningfully with the f i r s t  microhabitat component (Table 11).
The distance of the cavity tree to the nearest clearing (DNC) showed 
a moderate negative correlation to the facto r. The significance of 
the DNC correlation is uncertain because o f  the low communality 
of the variable.
Microhabitat Factor I I —Three o f the microhabitat variables were 
correlated with the second factor (Table 11). These were the height 
of the cavity tree (HT), the age of the cavity tree (AGE), and the 
mean height of the complete cavities (MENHT). The strongest 
relationships are with the AGE and MENHT. Cavity tree height is  
only moderately correlated with the component.
Microhabitat Factor I I I - -The correlation of the cavity tree  
increased, somewhat, in the th ird  microhabitat component (Table 11).
But the variable showing the highest correlation to the factor is the 
number of complete cavities per cavity tree . As in factor I ,  there 
is a moderate correlation with DNC.
The factor analysis for the combined Macro- and Microhabitat variables 
revealed fiv e  in terpretable components with eigenvalues greater than 
one (Table 12). Factors I  and I I ,  combined, account fo r almost one
Table 5. Summary of Cavity Tree Measurements for V irg in ia . 
DBH
n = 90; range 11.5 - 25.0; % = 17.1; s.d . = 2.82 
AGE
n = 88; range 60 - 119; X = 88.32; s.d. = 14.91 
HT
n = 89; range 46 - 110; X = 79.24; s.d. = 15.7
Table 6. Summary o f M acro h ab ita t d a ta .
SPINES
SHW
MPINES
MHW
BPINES
BHW
10. 8%*
50.8
7.3
7.9
20.4
2.8
*(Percent of to ta l stems sampled in a ll  plots)
Table 7 . M ic ro h a b ita t  V a r ia b le s  and Mnemonics.
Variable Mnemonic
Cavity Tree Height HT
Diameter of Cavity Tree DBH
Age of Cavity Tree AGE
Distance to the Nearest Clearing DNC
Number of S tart Cavities START
Number of Complete Cavities COMP
S tart Cavity Compass Bearing SDIR
Complete Cavity Compass Bearing CDIR
Mean Height of Complete Cavities MENHT
Table  8 . M acro h ab ita t  V a r ia b le s  and Mnemonics.
Variable Mnemonic
Number of Small Pine Trees* SPINES
Number of Small Hardwood Trees SHW
Number of Medium Pine Trees MPINES
Number of Medium Hardwoods MHW
Number of Big Pine Trees BPINES
Number of Big Hardwood Trees BHW
*Number per sample plots
Table 9. M ic ro h a b ita t  F ac to rs .
Factor Eigenvalue % Var. Cum. %
1 1.82 26.0 26.0
2 1.53 21.9 47.9
3 1.12 16.0 63.9
4 .96 13.0 77.5
5 .66 9.4 86.9
6 .49 7.0 93.9
7 .43 6.1 100.0
Table  10. M ic ro h a b ita t  Factor Communalities.
VARIABLE
HT
DBH
AGE
DNC
START
MENHT
COMP
COMMUNITIES 
! .71
.71 
.64 
.36 
.76 
.55 
.74
Table  11. Varimax Rotated Factor M a tr ix  fo r  M ic ro n a b ita t  V a r ia b le s .
FACTOR I FACTOR I I FACTOR I I I
HT .05 .55 .63
DBH .81 .08 -.22
AGE -.0 4 .77 -.21
DNC -.45 .22 .33
START .85 -.01 .18
MENHT -.01 .73 .15
COMP -.11 -.1 4 84
46
h a lf of the variance in the m atrix. Communalities for the variables 
are resonably and consistently high (Table 13). As was the case 
with the previous analysis, the microhabitat variables are, o vera ll, 
lower in th e ir  overlap o f the factors. The number of complete 
cavities overlaps least of any of the measured variables.
Combined Factor I - -The number of small pines correlates very 
strongly and positively with combined component one (Table 14).
Medium to large pines have almost equal but negative correlations to 
the factor. Several of the other variables show moderate correlations  
to the component. The number of small hardwood trees and the number 
of large hardwoods have identical positive correlations. Distance 
to the nearest clearing is also correlated moderately.
Combined Factor I I —Only the number of medium hardwoods and the 
number of s ta rt cavities per cavity tree have exceptionally high 
correlations with the second factor (Table 14). Both the loadings 
are positive. The number o f big hardwood trees in the sample plot 
loaded fa ir ly  high and pos itive ly . The number of small trees 
(SPINES and SHW) show a weak negative correlation to the factor.
A ll other variables are not related to the factor in any meaningful 
way.
Combined Factor I I I — None of the variables which have high 
relationships with the th ird  combined component are macrohabitat 
variables. Cavity tree height and the number of complete cavities  
were both positively related to the factor. DNC showed a moderate 
positive relationship. The only macrohabitat variable to be related  
to this factor was BHW which correlated negatively but only moderately 
with the factor (Table 14).
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Combined Factor IV—Cavity tree age and the mean height of 
the cavities correlated strongly with factor number IV (Table 14).
No other variables were meaningfully related to the component.
Combined Factor V—The most meaningful correlation with the 
la s t component was DBH (Table 14). The macrohabitat variable SHW 
also had a relationship with th is  factor but not nearly as strong.
The Canonical Correlation Analysis
The canonical correlation analysis gave two s ig n ifican t 
canonical variables, Convar I and Convar I I  (Table 15).
Convar I —-SPINES and SHW are the macrohabitat variables which 
show the largest positive correlation to the f i r s t  canonical 
variate (Table 16). MHW and BPINES are strongly negatively correlated  
to Convar I .  The highest positive microhabitat correlation is with 
AGE.
Convar I I —Small trees (SPINES and SHW) also show a strong 
correlation to Convar I I  (Toble 16). The variable DBH has the 
highest positive correlation with the second canonical varia te of 
the microhabitat variables.
Cavity Orientation
Measurements of the orientations of complete cavities in 
V irg in ia  showed a s ig n ifican t mean direction o f facing toward the 
southwest (Figure 7 ). Easterly cavity facings fo r complete cavities  
were few. S tart ca v ities , however, were randomly dispersed 
(Figure 8 ). No mean direction o f facing could be calculated fo r  
the s ta rt cav ities .
Table 12. Factors f o r  Combined Macro- and M ic ro h a b ita t  V a r ia b le  M a t r ix .
Factor Eignevalue % Var. Cum. %
1 3.53 27.1 27.1
2 2.62 20.2 47.3
3 1.42 10.2 58.3
4 1.24 9.5 67.8
5 1.04 8.0 75.8
6 .88 6.8 82.6
7 .71 5.4 88.0
8 .56 4.3 92.3
9 .37 2.9 95.2
10 .30 2.3 97.5
11 .14 1.1 98.6
12 .13 1.0 99.5
13 .06 .5 100.0
Table 13. Factor Communalities for combined Macro- and Microhabitat 
Variable Matrix.
Variable Communality
SPINES .81
SHW .74
MPINES .85
MHW .84
BPINES .91
BHW .86
HT .74
DBH .80
AGE .62
DNC .62
START .81
MENHT .74
COMP .51
Table 14. Varimax Rotated Factor Matrix for combined Macrohabitat and 
Microhabitat.
FACTOR I FACTOR I I FACTOR; I I I FACTOR IV FACTOR V
SPINES .80 -.35 .17 .14 -.02
SHW .47 -.37 -.12 .22 .57
MPINES -.86 -.15 -.05 .11 -.24
MHW -.3 0 .84 -.19 -.1 2 .04
BPINES -.9 0 .10 .17 -.25 -.03
BHW .47 .67 -.40 .16 -.10
HT .18 .02 .75 .36 .13
DBH .07 .35 -.13 -.06 .81
AGE .31 .06 -.12 .69 -.16
DNC .41 -.31 .46 -.22 -.29
START -.07 .81 .22 -.08 .30
MENHT -.11 -.19 .27 .77 .19
COMP -.16 -.0 3 .65 -.0 6 -.2 4
Table  15. Canonical V a r ia b le s .
df
83 .3 ***  42
45.9* 30
* * *  p .001
*  p .05
Variable Canonical Correlation
Convar I .73
Convar I I  .56
Tab le  16. Canonical C o r re la t io n  C o e f f ic ie n ts .
SPINES SHW MPINES MHW BPINES BHW
CONVAR I (MACRO) .60 .43 .04 -.71 -.43 -.11
HT DBH AGE DNC START MENHT COMP
CONVAR (MICRO) .19 -.43 .59 .47 -.6 6 .22 .08
SPINES SHW MPINES MHW BPINES BHW
CONVAR I I (MACRO) .49 .87 -.3 2 .03 -.36 .21
HT DBH AGE DNC START MENHT COMP
CONVAR I I (MICRO) .33 .72 .36 .47 .23 .15 -.23
Figure 7. Relative Frequencies of Complete Cavity Compass 
Bearings (Mean angle = 230 degrees).

Figure 8. Relative Frequencies o f S tart Cavity Compass Bearings 
(No mean angle can be calculated).
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RESULTS OF THE FORAGING STUDY
The Red-cockaded Woodpeckers studied in V irg in ia foraged 
p re fe ren tia lly  on moderate sized (6-12 DBH) pine trees (Figure 9), 
Fifty-one percent of the foraging observations made during the summer 
and winter were of birds foraging on pine trees c lass ified  as MPINES. 
Observations o f foraging on large pines (BPINES, DBH greater than 12 in.) 
to taled 37.2%. Few observations (4.0% of to ta l)  o f foraging on 
hardwood trees were made and only foraging on large hardwood trees 
was observed. I t  is interesting to note that 8.5% of the to ta l 
observations made were of birds foraging on pines that were less than 
6 in. in diameter. This u t iliz a t io n  o f small pines occured predominatly 
a t clan sites where plantation pine stands abutted the clan s ite  
support stand. U tiliza tio n  of timber types was not independent of 
season (X^ = 114.7, df = 4) indicating a seasonal s h ift  in substrate use.
The chi-squared te s t of the pine substrates indicated a s ig n ifican t 
s h ift  from winter to summer (X  ^ = 65 .2 , df = 2 ). A s im ilar test of 
the seasonal u tiliz a t io n  of moderate to big pines showed no seasonal 
difference (X  ^ = 1 .0 , df = 1). * This indicates that the seasonal 
s h ift  in substrate u t iliz a t io n  is caused by a greater dependence on small 
pines in the summer.
In summer, the birds foraged p re fe ren tia lly  on the top two thirds  
of the trees although a good number of the observations (40%) were 
of woodpeckers foraging on the trunk in the mid th ird  o f the tree  
(Figure 10). Limbs were u tiliz e d  for foraging over 21% of the time 
when foraging occured on the top one th ird  of the tree. Few limbs 
occured in the mid or lower one th ird  of the pine trees in the study 
area so only a few woodpeckers were seen to u t i l iz e  a low limb for
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foraging. In the two instances where low limbs were used the limbs 
were dead. Foraging rarely occured near the ground except when a 
small pine was being used. Almost a ll of the birds seen foraging 
during the w inter months were observed to be using the mid one th ird  of 
the tree .
There is a s ign ifican t (X^ = 105.6, df = 2) winter-summer 
s h ift  in the foraging position of birds foraging near the top of the
tree (Figure 10). The apparent reason fo r this is the heavier summer 
dependence on branches fo r foraging.
In over 90% of the summer foraging encounters conspecifics were 
seen foraging nearby (Figure 11). Foraging in in terspec ific  groups 
was not as common in the summer as in the winter (X^ = 104.4, df = 2 ).
The difference in summer-winter foraging groups appears to be the
greater tendency to forage in te rsp ec ifica lly  in the w inter.
Interspecifics in the winter were most commonly the Brown-headed 
nuthatch (S itta  p u s illa ) and the Red-breasted Nuthatch (S itta  canadensis). 
Both in terspecific  encounters in the summer involved Downy Wood­
peckers (Dendrocopos pubesens) .
The foraging behavior o f the Red-cockaded Woodpecker generally 
involved substantial movement along the foraging substrate. The birds 
usually moved upward in a s p ira llin g  pattern around the trun!; of the 
trees. When foraging on branches i t  was not uncommon to see an 
individual hang "nuthatch like" from the bottom of the branch. On 
several occasions birds were seen to back down the tree . This downward 
movement involved small backward hops usually accompanied by single 
note foraging ca lls . Backward movements during foraging have also 
been observed in the White-headed Woodpecker (CL albolarvatus) (Ligon 1973).
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The foraging technique involved alternate pecking and probing 
movements. Hard, audible, pecks were used to dislodge bark plates.
The bark was struck vigorously from stra ight on, or from an angle.
Bark plates were also pried loose by a technique s im ilar to that 
described fo r the White-headed Woodpecker (Ligon 1973). Gentle probing 
o f the b i l l  into deep crevices was often used to locate food,
Vocalizations are a very important part of the foraging behavior 
o f the Red-cockaded Woodpecker. The most common call heard during 
foraging was the single note ca ll which accompanied 70% of the to ta l 
winter and summer observations (Figure 12). When given, the single note 
ca ll was repeated between blows to the tree or during probing 
a c tiv it ie s . Greeting calls during foraging were rare. When this  
ca ll occured i t  was usually abbreviated and accompanied by a quick 
wing raise. Greeting calls were most conmonly heard when more than 
one bird was foraging on the same tree . F light c a lls , when used, 
were given at the onset of the foraging a c tiv ity  or prio r to the 
conclusion o f the a c tiv ity . U tiliza tio n  of the various calls was not 
seasonally independent (X2 = 10.3, df = 3). The seasonal s h ift  seems 
not to be a result of the greater percentage o f quiet birds found 
foraging in the winter since chi-squared analysis of vocalizing birds 
indicated a s ign ifican t seasonal difference (X2 = 113.3, df -  2 ). The 
s h ift  probably occurs because greeting calls and f l ig h t  ca lls  are more 
l ik e ly  to be given in the summer.
There appeared to be no in traspecific  sexual differences in 
foraging position or technique. However, my observations concerning 
sexual differences were lim ited by rr\y in a b ility  to consistently sex 
the unmarked birds.
Figure 9. Foraging Substrate use by Red-cockaded Woodpeckers in 
Southeastern V irg in ia , 1977-1978 (Barred=Summer, 
Stippled=Winter; X2=114.7, df=4, ignoring MHW; 
X2=65.26, df=2, fo r pines only; X2=1.0, d f= l, for 
BPINES and MPINES)
6C
H
7/ 77/ / / / /
s n o  i i  v a  y 3 s ao %
SP
IN
ES
 
SH
W 
M
PI
NE
S 
MH
W
 
BP
IN
ES
 
BH
W
Figure 10. Foraging Position of Red-cockaded Woodpeckers in 
Southeastern V irg in ia , 1977-1978, (Barred=Summer, 
Stippled=Winter; X^=105.6, df=2 For Birds Foraging 
on Top and Mid One-third; A=Top One-third, B=Top 
One-third on Branch, C=Mid One-third, D=Mid One- 
th ird  on Branch, E=Lower One-third, F=Lower One- 
th ird  on Branch).
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Figure 11. Foraging Group Frequency of Red-cockaded Woodpeckers 
in Southeastern V irg in ia , 1977-1978, (Barred=Summer, 
Stippled=Winter; x2=104.4, df=2 for Seasonal 
Independence of Foraging Groups),
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Figure 12. Foraging Vocalizations of the Red-cockaded Woodpecker 
in Southeastern V irg in ia , 1977-1978 (Barred=Summer, 
Stippled=Winter; X^=113.3, df=2 Ignoring Quiet; 
X2=10.5, df=3, A l l ) .
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RESULTS OF THE STUDY OF THE VOCALIZATIONS
This study suggests that there are at least three fundamental 
vocalizations in this species. The structural description of these 
vocalizations is given here in some deta il in an e ffo r t  to standardize 
future discussions of them.
Vocalization I
This vocalization is heard most often during a foraging encounter 
and w ill  thus be called the "foraging ca ll"  (Figure 13). As w ill be 
discussed, i t  no doubt has a variety of functions some of which are 
not d irec tly  associated with foraging a c tiv it ie s .
The foraging call is a single phrase which consists of one to 
three notes with ascending and descending ta i ls .  Temporal spacing 
between the notes within a phrase is small and the notes seem almost 
to overlap (A in Figure 13). The fundamental frequency hovers at 
about 3000 cps. The ta ils  from the fundamental may extend 1000 cps 
below. A second harmonic is present a t about 6500 cps. The average 
duration o f each phrase is 100 msec.
The phrases may be given ind iv idually  or in a repeating fashion. 
When one single note foraging ca ll is accompanied by others, as 
would be the case when an undisturbed bird is active ly  foraging, the 
temporal spacing is rarely less than 1.0 sec. Two seconds may 
elapse between repeats.
The foraging ca ll w ill often be given in f l ig h t .  The ca ll usually 
occurs on the wing beat between glides of the undulating f l ig h t .
The ca ll has a d is tin c tive  nasal quality which I ca ll a rough 
w histle. I t  is usually given at a strong amplitude but the in tensity
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w ill vary with the function ju s t as with spacing. Often, closely 
spaced calls w ill be given at d iffe ren t in ten s ities .
Vocalization I I
Vocalization two w ill be called the "Flight Call" (Figures 14 
and 15). The 1.5 second segment of the f l ig h t  ca ll pictured in 
Figure 13 consists of thirteen individual phrases each modulating 
around a fundamental frequency of about 3000 cps. Modulations of the 
ca rrie r frequency range approximately 500 cps above and below. Each 
phrase consists, predominantly, of three syllab les. The maximum number 
of syllables per phrase is fiv e  which occurs most often in the leading 
phrases (note in Figure 15 that the tra ilin g  phrases are single 
sy llab les ). The mean duration of a phrase is 50 msec and there is an 
even 50 msec spacing between phrases. A second harmonic is present 
at 5500 cps.
The most d i f f ic u lt  call to describe functionally is the f l ig h t  
c a ll.  The name f l ig h t  call was chosen prim arily because the ca ll is 
most frequently heard ju s t prior to landing a fte r  a f l ig h t .  The call 
may also be heard while the bird is stationary, usually ju s t before 
taking o ff on a f l ig h t . Occasionally the ca ll w ill be given during 
a f l ig h t .  The f l ig h t  call was observed to be given most frequently 
in the presence of another Red-cockaded Woodpecker.
Vocalization I I I
Vocalization I I I  w ill be called the "Greeting C all". The greeting 
call consists, essen tia lly , of a series of d if fe re n tia lly  spaced 
single note foraging calls (Figures 16, 17 and 18). The mean 
fundamental frequency lies  at about 3000 cps but the notes seem to be
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given at a lternating frequencies. Generally, there are three to fiv e  
leading notes which are regularly spaced a t 50 msec (A in Figure 16).
These leading notes lack the descending ta i l  a fte r  the note that
is characteristic of the single note foraging c a lls . Following the 
leading notes there is a series of closely spaced (less than 20 msec) 
complete foraging notes. These notes may vary s lig h tly  in frequency 
and almost certa in ly  vary in amplitude although th is cannot be 
determined adequately from the sonagrams. A second and sometimes th ird  
harmonic is present on the phrases (H in Figures 16, 17, and 18). The
average duration of the greeting call is 1.5 sec.
At least one set of "coupled" foraging notes occurs in each greeting 
ca ll (B in Figures 16, 17 and 18). This complex invariably occurs in  
the la t te r  portion of the c a ll.  Occasionally the greeting call 
w ill be followed by several foraging lik e  ca lls  (C in Figure 17). 
In te res tin g ly , these tra il in g  ca lls  are of a much higher frequency 
(between 5000 and 6000 cps) than the fundamentals of the other ca lls , 
described here.
Functionally the greeting ca ll is most important in in traspec ific  
situations. I observed the ca ll given in the v ic in ity  of the nest 
more frequently than any of the other ca lls . The greeting ca ll is 
given consistantly by adults during switches at the nest during 
incubation and when arriv ing  at the nest with food fo r the young.
Vocalization of the Young
No e ffo r t was made to trace the development of the vocalizations 
of the young Red-cockaded Woodpeckers as they developed as nestlings.
The young nestlings are vocal almost immediatly upon hatching and 
learn very quickly to im itate some of the vocalizations o f the adults
Figure 13. Sonagram of the Foraging Call of the Red-cockaded 
Woodpecker.
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Figure 14. Sonagram of the F light Call of the Red-cockaded 
Woodpecker.
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Figure 15. Sonagram of the F light Call of the Red-cockaded 
Woodpecker.
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Figure 16. Sonagram of the Greeting Call of the Red-cockaded 
Woodpecker.
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Figure 17. Sonagram of the Greeting Call of the Red-cockaded 
Woodpecker.
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Figure 18. Sonagram of the Greeting Call of the Red-cockaded 
Woodpecker.
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Figure 19. Sonagram of the vocalizations of Week-old Red-cockaded 
Woodpeckers.
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Figure 19. Sonagram of the vocalizations of Week-old Red-cockaded 
Woodpeckers.
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Figure 19 shows begging calls of young birds a t one week a fte r  
hatching (two young). Note the presence of a second harmonic (H in 
Figure 19). Young which are ready to fledge appear to have acquired 
the en tire  complement of adult vocalizations.
SIGNIFICANT BEHAVIOR
Agonistic Behavior
Although I noticed few agonistic encounters between Red-cockaded 
Woodpeckers and other species of Woodpeckers, when such encounters 
occured very loud alarm ca lls  were sounded. The most comnon such 
situation occured when Red-bellied Woodpeckers ( Centurus carolinus) 
foraged close to a Red-cockaded Woodpecker or close to an occupied 
Red-cockaded Woodpecker nest cavity. In such situations the foraging 
calls  of the Red-cockaded seemed to in tensify  to an alarm le v e l, and
would be given at reduced spacing.
Flyovers by po ten tia lly  predatory birds were not observed. However, 
flyovers by large birds such as vultures or crows sometimes caused 
foraging Red-cockaded Woodpeckers to become quiet.
Drumming
Only twice during the study was drumming observed. In June o f 1977 
the lone bird which occupied a cavity a t ss-u was seen drumming 
b r ie f ly  on a dead limb of a lo b lo lly  pine. The drumming lasted only 
several seconds and was very so ft. During the same month, in a
nearby s ite  (s s -x ), a lone bird was seen drumming qu ietly  in a sim ilar
manner. Again the duration of the drum was short. Drumming did 
not have a s ign ifican t function in the routine of the Red-cockaded 
Woodpeckers in njy study area.
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The “Ming-out” Display
The wing-out display was observed in in terspecific  and in tra ­
specific situations. Additionally I occasionally saw lone, foraging 
birds give wing-out displays.
In traspecific  wirig-out displays were given in three types of 
situations. Two or more birds which encountered one another while 
foraging on the same tree usually gave the display. E lic ita tio n  of the 
wing-out in th is situation was caused by e ither visual or auditory cues. 
The wing-out display in in traspecific  situations such as this was 
always accompanied by excited foraging calls and greeting ca lls .
Wing-out displays were often given at the nest by adults when arriv ing  
with food for nestlings. These nest displays were also accompanied 
by the greeting c a ll. Adult birds gave wing-cut displays to newly 
fledged young in a ll three instances where I observed fledging. The 
response of the young varied from silence to a p artia l greeting c a ll.
I  observed wing-out displays in only one in terspec ific  s ituation .
On that occasion the display seemed to be directed at me in a 
manner s im ilar to that described by Wood (1975). I disturbed a foraging 
bird who immediately gave the wing-out display with an alarm call and 
le f t  the area. Wing-out displays were never observed to be directed  
toward avian intruders.
Cavity excavation
I observed cavity tree excavation at two sites in V irg inia (ss-o 
and ss-c). Observations at s ite  ss-o suggest that completion of a 
cavity may take as long as one year. Excavation was begun on a 
tree at that s ite  in la te  April 1977. In march of 1978 the cavity  
tree was toppled by high winds and at that time was nearly completed.
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One bird had worked an average of 1.3 hr a day on the cavity tree  
through the breeding season. Excavation a c tiv it ie s  were concentrated 
on the cavity proper but a good deal of time was spent working the 
resin wells above and below the cavity entrance and the p late . At the 
time the tree was fe lle d , only a small plate had been excavated at the 
entrance.
Excavation was begun on a tree at ss-c in early May of 1977 but 
the cavity was abandoned in July of that year. On 10 June, 1977 
I observed a bird work the horizontal tunnel of the s ta rt cavity fo r  
35 min.
Vocalizations during cavity excavations were few. Only an 
occasional single note ca ll was heard.
Excavation on the in te r io r  of the cavities which were in use as 
roost or nest cavities was rare. The lone b ird at ss-u was observed 
working the inside of his roost cavity for periods as long as 45 min 
during the breeding season of 1977.
Resin Well Excavation
Work on resin wells was most intensive in the early  morning or 
la te  afternoon. During the nesting period, however, considerable 
e ffo r t  was expended by the woodpeckers to maintain the flow .o f the 
resin.
UTILIZATION OF RED-COCKADED WOODPECKER CAVITIES BY OTHER SPECIES
Abandoned Red-cockaded Woodpecker cavities are fa ir ly  commonly 
used by other species ("B ble 17). The most common users are the 
Southern Flying Squirrel ( Glaucomys volans) and the Red-bellied 
Woodpecker (Centurus carolinus). Dennis (1971) reported that Gray
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Squirrels (Sciurus carolinensis) and Wasps also u tiliz e d  Red-cockaded 
cavities  but these species were never seen using a cavity in V irg in ia .
Pileated Woodpeckers (Dryocopus p ileatus) were occasionally seen 
enlarging a cavity presumably in search of food, but th is species was 
never observed u t il iz in g  a cavity fo r nesting.
BREEDING BIOLOGY
Egg laying, Clutch Size and Incubation
The peak of egg laying in V irg in ia  appears to be during the 
second week in May (Table 18). The e a rlie s t eggs were la id  at s ite
ss-p in 1977, The clan at ss-p was composed of three adults. I found
no eggs la id  la te r  than 12 May. A ll o f the clutches observed were 
composed of three eggs and at least two young were hatched and 
fledged from these clutches.
The average incubation period was approximately 13 days. Incubation 
is presumed to have started with the laying of the f i r s t  egg (Ligon 1971). 
The eggs were incubated very closely and incubation appeared to be 
shared by both the male and female. I could not determine whether the
helper at clan ss-p became involved in the incubation.
The results from the watches of incubation clans indicate a high 
attentiveness during incubation (Figure 20). Adults averaged 44.4 
min. per hour a t ss-o and 46.2 min. per hour a t ss-p inside the nest 
cavity . Part of th is time, however, was spent in the entrance tunnel 
where incubation could not have been taking place. There v/as no 
difference in the mean amounts of time spent per hour in the nest 
between the two clans observed (Figure 20).
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Vocalizations by incubating birds were few except when a clan 
member approached the nest and vocalized. Vocalizing by an approaching 
bird (usually foraging c a lls ) usually caused the s itt in g  bird to come 
to the cavity entrance and give a vocal response. Greeting calls  
were given when adults relieved each other during incubation.
One adult roosted with the young each night. On a t least three 
occasions the male spent the night with the eggs.
Care of nestlings
Nestlings are brooded very closely fo r the f i r s t  4-5 days a fte r  
hatching. A fter the sixth day, brooding seldom occured during the day, 
but one adult roosted with the young each evening.
Nine a ll  day watches at four nests with nestlings in 1977 and 1978 
indicated that the young were fed on a variable schedule (Figure 21).
As many as 17 and as few as 5 food v is its  per hour were recorded.
Analysis of variance of the feeding rates (Table 19) confirmed the 
existence of a s ign ifican t fluctuation in feeding v is its  during the 
day. The number of v is its  per hour varied s ig n ifican tly  between 
observation hours. Variation between clan sites however was not 
s ig n ifican t.
Nestlings were fed predominantly large food items, the majority  
of which appeared to be arthropods.
Fledging
Fledging occured 21 to 23 days a fte r  hatching. Generally, since 
the young hatch at d iffe re n t times fledgings are at least one day apart. 
In 1978 at s ite  ss-p one young of the two young brood fledged 3 days 
before its  s ib ling .
Table 17. Species known to use Red-cockaded Woodpecker Cavities in 
V irg in ia .
Number observed
Species 1 using Cavities
Southern Flying Squirrel (Glaucomys volans) 6
Common Flicker (Colaptes auratus) 4
Red-bellied Woodpecker ( Centurus carolinus) 7
Red-headed Woodpecker (Melanerpes erythrocephalus) 1
S tarling (Sturnus vu lgeris) 2
Tufted Titmouse ( Parus b ico lor) 2
White breasted nuthatch (S itta  carolinensis) 1
Great crested Flycatcher (Myiarchus c r in itu s ) 1
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Figure 21. Feeding Rates a t Four Red-cockaded Woodpecker nests.
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I witnessed the actual fledging of three young in 1977 at sites  
ss-p and ss-o. Fledging is accompanied by loud and excited vocalizations  
by adults and the fledg ling . The predominent call given is the 
greeting call although high in tensity  single notes are also given.
Upon e x it from the nest the fledgling is surrounded by several adults 
who vocalize loudly and occasionally give wing-out displays. The 
fledgling remains stationary at the very top of a tree fo r up to one 
hour a fte r  e x it from the cavity during which time i t  is fed by the 
adults. Within three hours the fledgling is foraging with the clan.
Helpers
One helper was observed at s ite  ss-p during the nesting season 
in 1977. The sex of the helper could not be determined. No helpers 
were present at that s ite  in 1978. There appeared to be at least one 
helper at s ite  ss-ee during the breeding season of 1977 but no nesting 
occured there in 1978.
Post Fledging care
I t  was impossible to determine how long a fte r  fledging the young 
birds were dependent on the adults, however the dependency period 
is probably quite long. At s ite  ss-p, prio r to fledging of the young in 
1977, I observed an adult feed what was presumed to be the helper.
This indicates some dependency up to one year a fte r  fledging.
Post Nesting Dispersal of Young
Young were seen foraging in the clan at sites ss-o and ss-p 
throughout most of July 1977. In September of that year I observed 
f iv e  birds foraging closely in the v ic in ity  of ss-p. However, only 
two Red-cockaded Woodpeckers were present a t that s ite  at the onset
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of breeding in 1978. The fa te  of the other three birds is unknown. 
Sim ilari 1y, shortly a fte r  breeding in 1977 four birds were seen 
foraging close to s ite  ss-o, but only one individual was present at 
the s ite  in the nesting season of 1978. No nesting occured at 
s ite  ss-o in 1978.
DISCUSSION
The Survey
I t  is impossible to conclude from this b r ie f study exactly how 
large or stable a population of Red-cockaded Woodpeckers exists in 
V irg in ia . Based on the habitat estimate alone, i t  seems unlikely  
that there is great potential fo r a substantial population in the 
state . The overwhelming preponderance of young pine in the surveyed 
area (Table 2) is a good indication o f the rather recent surge in 
timber cutting in V irg in ia . Mature pine stands are few and tend to 
be widely separated. Although no estimate of the to ta l acreage 
forested by each of the timber types was made, the percentage of 
mature pine acreage is certa in ly  small.
Furthermore, as is evidenced by the substantial amount o f hardwood 
found in the survey area (Table 6) and the successional status of most 
of the present pine stands (S te ir ly  1957), i t  is questionable 
whether optimal habitat was ever abundant in southeastern V irg in ia . 
C ertain ly, moderate numbers of mature pine trees existed, h is to ric a lly , 
in the state . But presumably, the Red-cockaded Woodpecker evolved 
in the f ir e  climax pine forests o f the southeast (Jackson 1971) where 
Jackson indicates Audubon found them most abundant. The conditions 
of such open pine stands would not have been s im ilar to the hardwood 
forests that predominated in V irg in ia . The Red-cockaded Woodpecker 
in V irg in ia  probably represents a fragmented population at the 
periphery of the normal range of the species
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There is l i t t l e  doubt based on th is study that the present 
population in the state of V irg in ia is at a low lev e l. Maximally, 
i f  a l l  known clan sites were now to be active , as many as 95 
individual Red-cockaded Woodpeckers would ex is t in V irg in ia (assuming 
at least two adult birds per clan fo r those sites where fewer than 
two have been seen). I t  is doubtful,however, that the past or present 
population approaches th is maximum number since only th irty -fo u r  
individuals of the species were seen during the course of th is study. 
Currently, there are lik e ly  no more than f i f t y  of the birds in the 
state .
Although at least three of the sites reported active in 1957 by 
S te ir ly  were observed to be active during th is study period, the 
population in V irg in ia appears to be quite unstable. The fact that 
53% of the clan sites discovered during the in i t ia l  survey were 
judged to be abandoned and over 35% of the clan sites which were 
active in 1977 showed no a c tiv ity  in 1978 indicates a rather high 
degree of in s ta b ility . Furthermore, few active clans showed nesting 
a c tiv ity .
Intensive timbering no doubt has caused considerable in s ta b ility . 
Several of S te ir ly 1s observations were of cavity trees in the 
process of being cut (S te ir ly  1957). In addition to its  obvious 
destructive e ffec t on cavity trees and the surrounding support stand, 
lumbering, i f  illt im e d , can disrupt nesting a c tiv it ie s  in adjacent areas. 
I  observed two birds preparing a cavity for nesting at s ite  ss-b in 
the early spring of 1977. Just prior to the onset of breeding, 
lumbering operations were begun in that area. Although several acres
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were le f t  untouched In the support stand, the confusion created by 
the nearby lumbering apparently caused breeding to h a lt. Both 
birds have since disappeared from the area.
The nature of the breeding biology of the species may also 
contribute to the in s ta b ility  of the population in V irg in ia . F irs t year 
males generally do not breed (Ligon 1970), and some clans may not 
nest each year (Wood 1975). Even though the hatching rate is moderately 
high, the fledging success seems to be somewhat below the average 
fo r other cavity nesters (Ligon 1970). A dd itionally , post fledging 
care can be exceptionally long (Ligon 1970, and th is study).
These nesting pecu lia rities  in a marginal population such as the one 
in V irg in ia  undoubtedly cause productivity to be c r i t ic a l ly  low.
I t  should be noted that our in a b ility  to find active nest 
cavities may have been , in part, a resu lt of the survey technique. 
Whenever a cavity tree was found, the nearby area was searched in 
an attempt to find a ll the trees in the clan. S te ir ly  (1957) noted 
that whenever a cavity tree was discovered, a search o f the surrounding 
area usually turned up additional trees. He contended that generally 
there were adequate suitable potential cavity trees in each of his 
study areas to allow wide separation of trees belonging to one clan 
but that selected trees tended to be clumped. This suggests a 
preference of the species fo r close grouping of clan cavity trees. In 
several o f the most active clan sites in V irg in ia  (ss-o, ss-p, ss-v) 
the cavity trees of the clan stand in the same acre. But the work 
of Hopkins and Lynn (1975) in South Carolina, Lay et_ al_. (1971) 
in Texas and Wood (1975) in Oklahoma indicates, that there is great 
variation in clan tree separation. I t  is possible that in several
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areas in V irg inia we have fa iled  to fu lly  delineate the extent 
of the clan because of widely separated cavity trees.
I t  should also be noted that besides the p o ss ib ility  of 
missing a widely separated cavity tre e , nearby trees can also 
frequently be overlooked in the dense understory which is characteristic  
of most o f the clan sites studied. The nest tree at s ite  ss-v which 
is located within 75 yd of a known cavity tree was not discovered 
u n til the th ird  search of the area.
Despite these possible problems, I feel that the survey results 
give an adequate in i t ia l  look at the population status of the 
Red-cockaded Woodpecker in V irg in ia .
The Habitat Study
The purpose of the habitat analysis was to describe the existing  
Red-cockaded Woodpecker support stands in V irg in ia . The description 
was focused on delineating habitat variables which could be id en tified  
as management keys. I t  was fe l t  that th is could best be accomplished 
by analyzing c r it ic a l parameters w ithin active or recently active  
clan sites which are most lik e ly  to come under management pressure 
in the near future. The predictive value of this descriptive analysis 
is low. No attempt was made to measure and analyze the habitat 
parameters in nonoccupied forest stands, or to predict the s u ita b ility  
o f such stands for Red-cockaded Woodpeckers. C ertain ly, many of the 
c r it ic a l components of the support stand described here w ill  be 
found to be important in newly discovered sites in V irg in ia . 
A dditionally , some of the components described fo r these known sites  
may prove to be those parameters which w ill best predict s u ita b ility
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of a habitat. However, extensive sampling throughout the range of 
the species w ill be necessary to make meaningful assesments of these 
potentia lly  predictive components.
As indicated, cavity tree attributes such as height, age and 
diameter which have been measured on cavity trees throughout the 
range of the Red-cockaded Woodpecker confirm a preference for large, 
mature pine trees. The data presented here for V irg inia (Table 5) 
also indicate this preference. However, there are some differences. 
Cavity trees in V irg in ia are substantially older than the average for 
P. taeda (74 years) as indicated in Wood's summary (Wood 1975).
Also, both the mean height and the mean DBH reported here are 
somewhat lower than those reported from the lite ra tu re  by Wood (1975). 
The difference in age may be the resu lt of the fact that many o f the 
trees I measured were isolated in hardwood areas that had not been 
recently lumbered. The small size of the cavity trees in V irg inia  
is probably a re flection  of the poorer overall s ite  quality  for pine.
S te ir ly  (1957) has suggested that cavity tree maturity is 
necessary to allow in festation  of the fungus Fomis p in i. The 
Red-cockaded Woodpecker can, apparently, more readily u t i l iz e  a 
Fomis infected tree for cavity excavation (S te ir ly  1957). He reported 
that a ll  five  of the cavity trees he studied in V irg in ia  seemed to be 
infested with the fungus. A ll clan sites observed in this study had 
trees in the support stand that were known to be infested with the 
fungus. Close examination of one fe lle d  cavity tree in my study area, 
however, indicated that the fungus column did not extend extensively 
above or below the cavity area. This supports Jackson's (1977) idea 
concerning Fomis in festation  as a resu lt o f cavity excavation and
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Indicated that the selection of a particu lar tree for cavity  
excavation by a Red-cockaded Woodpecker may be based on some tree  
characteristic  other than the presence or absence of Fomis p in i.
The factor analysis was performed on the microhabitat variable  
correlation matrix in an e ffo r t to delineate more c learly  the 
re la tive  importance of the measured cavity tree characteristics.
The variables measuring the number o f s ta rt cavities (START), the 
mean height of the complete cavities (MENHT) and the number of 
complete cavities (COMP) were considered resultant a ttrib u tes . These 
characteristics have l i t t l e  importance in cavity tree selection. I t  
was o rig in a lly  thought that START and COMP would serve as indices to 
past a c tiv ity . Additionally, i t  was hoped that MENHT would, in some 
way, increase our understanding of the importance of understory 
density and its  e ffec t on cavity placement. The factor loadings for 
these variables, however, proved d i f f ic u lt  to in te rp re t.
The variables measuring the height of the cavity tree (HT), the 
diameter of the cavity tree (DBH) and the age of the cavity tree (AGE) 
are commonly measured a ttrib u tes . These variables are, w ithin certain  
l im its , independent of each other since mature trees w ill  not 
necessarily have high values fo r each of the variables. The re la tive  
value of these variables seems to d if fe r  from s ite  to s ite  because of 
d iffe re n tia l s ite  quality  (personal observation). I t  w ill  be necessary 
to assume that older trees have larger diameters since in the 
macrohabitat analysis I have measured only one a ttr ib u te , that of DBH.
The variable DNC was intended to give an indication of p re fe re n tia lity  
with respect to tree placement within the support stand. Presumably, 
a high s e le c tiv ity  for cavity trees near clearings would have caused
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DNC to load heavily on one facto r. Interpretations of the factor 
loadings fo r th is variable are d i f f ic u l t ,  however, because of its  
extremely low communality with the factors.
The strong emphasis of DBH on the f i r s t  factor is p a rticu la rly  
in teresting . There almost ce rta in ly  exists a c r it ic a l diameter, below 
which trees w ill not normally be selected fo r cavity excavation.
Lawrence (1967) suggested that the diameter o f selected cavity trees 
is at least p a r t ia lly  related to the size of the woodpecker, and 
that the cavity height is probably somewhat determined by the 
necessitites of a c r it ic a l diameter. I t  would seem that of the three 
tree maturity a ttribu tes  (DBH, HT and AGE) DBH would be the one most 
discernible by the woodpecker d ire c tly , and therefore most lik e ly  to 
be important in cavity tree selection. The almost singular emphasis 
o f DBH on the f i r s t  factor underscores its  importance as a c r it ic a l  
parameter and suggests its  potential as a selective cue. I t  is 
expected that age and height w ill  also be emphasized because, generally, 
larger trees are older and higher. Indeed AGE and HT are both 
correlated highly with a component that accounts for 22° l of the 
varia tion .
From a management standpoint, then, the emphasis probably should 
be placed on preserving potential cavity trees with substantial 
diameter. The work of Ligon (1970) suggests that cavity tree age 
w ill only be important insofar as i t  relates to the potential o f the 
cavity tree to become infected with Fomis pini once excavation has begun. 
Tree height is probably only c r it ic a l in areas where t a l l  understory 
may decrease exposure of the tree trunk and thus not allow the placement 
of the cavity at a level that meets the c r it ic a l diameter.
91
The macrohabitat analysis in my study area indicates that clan 
sites are located essentia lly  in young recently lumbered forest stands 
(Table 6 ). Small pines and small hardwood stems account for over 
60% of the to ta l stems sampled, indicating an understory much more 
prominent than that reported by Hopkins and Lynn (1971), Carter (1974) 
and Wood (1975). Twenty percent o f the stems sampled were large pines. 
Although no estimate of density was made, the preponderance o f small 
trees indicates a sparse spacing of big pines.
The characteristics of the support stand are more c learly  
indicated by the factor analysis o f the matrix of the combined 
microhabitat and macrohabitat variables. The high factor score fo r  
the number of small pines (SPINES) on combined component I and the 
strong negative correlation of moderate to large pines (MPINES and 
BPINES) on the same factor indicate the re la tiv e  youth of the clan 
s ite  support stands in V irg in ia . Component I I  is p a rticu la rly  
in teresting because i t  emphasizes, the importance of hardwood in the 
support stands. A good number of sites in V irg inia are very unusual 
in that they consist of very old pine trees (usually the cavity tree) 
amidst a stand o f predominently hardwoods. These hardwood areas are 
generally not as in tensively managed as the pine stands and may o ffer  
a second choice for clans that have had a more optimal s ite  destroyed 
by logging. No nesting a c tiv ity  was observed in these hardwood sites  
even though birds were seen at various times.
Preliminary observations indicated (and subsequent study confirmed) 
that Red-cockaded Woodpeckers forage p re feren tia lly  on moderately 
sized pine trees. Therefore, the variable MPINES was measured as an 
indication of the foraging po ten tia l. The strong negative correlation
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of MPINES of Factor I and its  neglig ib le loadings on the other factors  
raises some interesting questions concerning foraging. Apparently, the 
foraging potential in the immediate support stand is low. The possible 
e ffec t of th is low foraging potential on foraging strategy and the 
home range is discussed la te r .
Small trees are emphasized heavily in both the canonical variates. 
And, as expected, the corresponding microhabitat relationship  
emphasized the cavity tree m aturity, p a rticu la rly  DBH and AGE. DNC 
shows a moderately strong positive correlation in both Convar I and 
Convar I I .  This seems to indicate that cavity trees are not necessarily 
placed near clearings.
Cavity Orientations
Dennis (1971) suggested that the westerly orientation of Red- 
cockaded Woodpecker cavities was more noticeable toward the northern 
periphery o f the range. "For example, in 31 sites from north central 
Florida, 51.6% had a westerly exposure, but in 36 sites from south­
eastern V irg in ia  and northeastern North Carolina, no less than 87.8% 
of openings had a westerly exposure1' (Dennis 1971). Only 73% 
o f the 120 cavities measured in th is study had westerly orientations. 
This seems not to be substantially greater than the percentages noted 
in Georgia (Jones and Ott 1973) and Oklahoma (Wood 1975).
The significance of the preference fo r westerly exposures of 
cavity openings is not c learly  understood. The fact that there does 
not seem to be such a preference in other species of woodpeckers gives 
greater importance to the phenomenon in the Red-cockaded Woodpecker 
(Dennis 1971). Dennis (1971) has suggested that a westerly orientation
allows fo r the maximum exposure to sunlight each day. He contends 
that this continuous warmth is needed to keep the pine resin so ft.
He further suggests that the larger percentage of westerly facing cavities  
reported in the lite ra tu re  for northern extremes of the range represent 
an e f fo r t  to minimize the e ffec t o f unfavorable clim atic conditions 
(Dennis 1971). Jones and Ott (1973) suggested that the prevailing  
winds in the southeast are from the west and that cavities are b u ilt  
to face the wind and thus give maximum ven tila tio n . This study 
indicates that cavities in V irg in ia are no more lik e ly  to face toward 
the west than in any other area within the range of the species.
Foraging
I t  seems apparent that the Red-cockaded Woodpecker in V irg in ia  is 
somewhat selective in its  choice o f foraging trees, preferring moderate 
size pine trees. S e lec tiv ity  of foraging substrate has been shown in 
the Downy Woodpecker (JD. Pubescens) (Jackson 1970). Jackson showed 
that the frequency of tree types chosen for foraging does not 
necessarily coincide with the tree type proportion observed in the 
support stand (Jackson 1970).
S e lec tiv ity  for specific substrates probably, in some way, 
increases the opportunity of encountering food and fo r that reason 
may s h ift  seasonally in response to varying food a v a ila b ility .
(Jackson 1970 and Travis 1977). Red-cockaded Woodpeckers, lik e  most 
Woodpeckers, are largely insectivorous. This being the case, the 
selected foraging substrate should be that substrate on which the 
likelihood of encountering arthropods is greatest. Travis (1977) 
has discussed the seasonal importance o f substrate differences as 
potential locations o f arthropods for D. pubsecens. "Smooth-barked
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trees provide l i t t l e  to no protective or supportive substrate for 
overwintering invertebrates, while furrowed or flaky barks do"
(Travis 1977). He points out that most trees are lik e ly  to contain 
large numbers of insects in the summer (Travis 1977). Data presented 
here fo r the Red-cockaded Woodpecker indicate that the foraging 
preference across the seasons is essentia lly  the same. Even though a 
s ig n ifican t seasonal s h ift  in pine foraging is shown (Figure 9 ) , most of 
this can be attributed to the fact that foraging on small pines was 
observed more in the summer than in the w inter. Analysis of the two 
most frequently used substrates (BPINES and MPINES) showed no 
seasonal s h ift  (Figure 9 ). In V irg in ia , then, MPINES provide the most 
optimal year-round foraging substrate.
Although no measurements o f the home range o f the Red-cockaded 
Woodpecker were made in th is study i t  appears that the acreage u tilize d  
by a clan is substantial. Many o f the foraging observations were 
made good distances from any known clan s ite  and i t  was common fo r  
foraging birds to leave the area and f ly  quickly out o f sight at the end 
of a foraging encounter. A dd itionally , even though some uncertainty 
s t i l l  exists concerning the maximum area u tiliz e d  in the da ily  a c tiv it ie s  
o f the species, most workers agree that the range is fa ir ly  extensive 
(Lay and Russell 1970, Baker 1971, Crosby 1971 and Skorupa and McFarlane 
1976).
A high s e le c tiv ity  fo r a specific  foraging substrate, may account 
fo r the necessity to forage great distances and thus, in part, fo r a 
large home range i f  the preferred foraging substrate is not abundant 
in the immediate area of the clan s ite . As mentioned, MPINES was 
measured as an estimate o f the foraging potential and the factor analysis
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of the combined microhabitat and macrohabitat variables indicated that 
moderate sized pines are o f l i t t l e  importance in the support stand.
Scorupa and McFarlane (1976) reported a minimum winter expansion 
o f 112.6% and 71.6% in the two clans they studied. In V irginia there 
seems also to be. winter expansion o f the home range. Observations 
during a ll times of the day in the winter in V irg in ia yielded few 
encounters with the species in the area of the cavity trees while 
birds were readily seen through the summer in these areas. Studies 
in Florida indicate that in the winter a small percentage of the daily  
a c tiv itie s  takes place near the cavity trees during the winter 
(Nesbitt et_al_. 1978). Travis (1977) inferred that food is not 
available on as wide an array o f substrates during the winter months.
I f  th is is true we might expect a s h if t  in foraging substrate in w inter 
to cause an increase in home range. However, i f  a seasonal expansion 
in home range because o f foraging needs occurs in V irg in ia , i t  does not 
appear due to a sh iftin g  o f foraging substrate, since my data indicate 
that the substrate is fa ir ly  homogeneous seasonally, but is more 
l ik e ly  a resu lt o f general overall lowering of food a v a ila b ility .
Wood (1975) reported that the Red-cockaded Woodpecker in his 
study area forages 15% of the time on hardwood trees. He notes that 
birds foraging on hardwoods tended to u t il iz e  the branches o f the trees 
more than birds foraging on pines. Red-cockaded Woodpeckers foraging 
in large hardwood trees in V irg in ia tended to use the top two-thirds of 
the tree but showed no particu lar preference fo r the branches.
I  expected to encounter more conspecific foraging groups in the 
winter than in the summer since Nesbitt's (1978) study in Florida 
indicated that the birds foraged in groups almost a ll the time in the
« in ter. Indeed, the seasonal dependence on group foraging shown here 
is probably best explained by the greater number o f conspecific groups 
and lone foraging birds encountered during the w inter (Figure 11).
I t  is in teresting to note the seasonal difference in the pattern 
o f vocalizations given during foraging. This seasonal dependence o f 
vocal pattern is a resu lt o f the more frequent occurence of the f l ig h t  
call and the greeting call in the summer and the greater tendency to 
forage qu ietly  in the w inter. I suggest that the f l ig h t  ca ll and the 
greeting call play important functions in the te r r ito r ia l  behaviors 
of the Red-cockaded Woodpecker. Thus we may expect these calls to be 
more frequently given during foraging in the summer when the wood­
peckers are more te r r i to r ia l .  Although Ligon (1970) noted that the 
clans in his study areas were highly te r r ito r ia l  a ll year, judging 
from the large home range and the paucity of sightings o f the birds in 
the area o f the cavity tree during the winter in V irg in ia , the 
te r r ito r ia l  in tensity  seems to be much less during the w iftter.
Vocalizations
Although the vocal complexity in the family Picidae is not great, 
vocal communication is very important (Lawrence 1967). The four 
sjpecies studied by Lawrence (Sphyrapicus varius, Colaptes auratus,
i
D^ndrocopus villosus and D. pubescens) u tiliz e d  seven basic calls
i _
(Lawrence 1967), At least five  vocalizations have been described for 
the Acorn Woodpecker (Malanerpes formicivorus) (MacRoberts and 
Mac^oberts 1976). L i t t le  has been w ritten concerning the funtional 
significance o f the vocalizations o f the Red-cockaded Woodpecker 
although most researchers who have worked with the species have been 
impressed with its  variety of vocalizations.
The functions of the three calls  I observed during my study are 
complex and to a substantial degree overlap. The problem of 
uncovering the precise meaning of each vocalization or each behavior 
was recognized by the MacRoberts (1976) in th e ir  study of M. formicivorus. 
They commented, “We cannot state precisely the to ta l number of vocal 
and visual displays used by the Acorn Woodpeckers because many 
displays intergrade". Furthermore i t  should be noted that human 
preception of displays w ill cause variation in the explanations of the 
displays. This is particu la rly  true of observations of vacal behavior 
where the loudness of a ca ll can e ffe c t our impression of its  pitch 
(Thorpe and Lade 1961).
The single note foraging ca ll seems to have a wide array of 
functions. I have chosen to ca ll this particu lar call the foraging 
call because i t  is the vocalization most often given by an undisturbed 
foraging b ird . One of the primary functions of the ca ll seems to 
be to maintain foraging group cohesion. Generally, when groups of 
Red-cockaded Woodpeckers are foraging, single note calls are given 
continuously back and forth between members of the group. Wood (1975) 
inferred a sim ilar function fo r the ca ll he described as the "foraging 
c a ll."  He reported that "the foraging call was a single high-pitched 
note repeated at irregu lar intervals (from a few seconds to several 
minutes apart) as the birds foraged, and was the most frequent 
vocalization heard" (Wood 1975). My observations indicate that birds 
foraging in conspecific groups tend to be more vocal than birds foraging 
alone. Lynn and Hopkins (1971) also noted how vocal Red-cockaded 
Woodpeckers seemed to be when in groups. The single note call tends
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to be given about as frequently during foraging in the summer as in 
the winter which indicates its  importance as a general communication.
The foraging ca ll may also serve as an alarm c a ll. Wood (1975) 
reported that "the alarm call Was sim ilar to the foraging ca ll but 
somewhat higher in pitch and longer in duration." My data indicated 
that the alarm ca ll is functionally but not s tru c tu ra lly  d iffe re n t from 
the foraging c a ll.  Certainly the in tensity  (amplitude) of the two 
calls  is d iffe re n t but a difference in frequency between the two is 
not seen. I t  should be pointed out, however, that the Red-cockaded 
Woodpecker is capable of making a higher pitched ca ll than that usually 
used in foraging or alarm situations. This is evidenced by the fact 
that often two or three single notes, a t a re la tiv e ly  high frequency 
(5000 to 6000 cps) w ill follow the greeting ca ll (c in Figure 17).
These high frequency single notes were never recorded as d is tin c t ca lls .
Of the six single note vocalizations described by Ligon (1970) 
two were thought to be used prim arily in in terspecific  alarm situations. 
Ligon described the "shurz-u" ca ll as being used at the approach of a 
raptor. Wood (1975) noted that his "alarm ca ll"  was used in an 
identical s ituation . In my study area alarm calls were also given 
most frequently in in terspec ific  situations. On several occasions very 
loud single notes were sounded when I arrived in the study area to 
begin observations. These loud calls usually subsided once the 
Woodpeckers became habituated to my presence.
The communicative function of the foraging call between the young 
nestlings and the adults is also important. These single note 
calls  are the f i r s t  to be learned by the young birds. Adults foraging 
no is ily  in the area of the nest w ill almost always e l i c i t  single note
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vocalizations from the young in the nest. One-week-old nestlings 
w ill respond to play backs of recordings of foraging ca lls  by
giving muted single notes.
The function.of the f l ig h t  call is  uncertain. When Ligon (1970) 
described a "Kingfisher lik e  ra ttle "  that he observed given once by 
a female as she approached the nest he was probably describing the 
f l ig h t  c a ll.  However, my observations indicate that the f l ig h t  
ca ll is rare ly  given in the v ic in ity  of the nest but is more lik e ly  
to be given in outlying areas. I t  appears lik e ly  that the f l ig h t  
call serves some function in te rr ito ry  delineation.
The most complex of the Red-cockaded vocalizations is the greeting 
c a ll.  Wood (1975) was certa in ly  aware of th is call when he described 
the "welcoming c a ll."  "The welcoming call was a loud chattering  
sounded when two or more birds congregated on the same branch or trunk"
(Wood 1975). Ligon's "wic-a wic-a" ca ll is probably a variation of
th is ca ll (Ligon 1970). In several situations when groups of birds 
were foraging on the same tree the greeting ca ll would be given 
accompanied by a wing-raise display. Wood described the use of the 
welcoming ca ll in a s im ilar s ituation in Oklahoma (Wood 1975).
Probably more than any other c a ll ,  the greeting ca ll serves as an 
in traspecific  recognition behavior.
"Wing-out" Display
Ligon (1970) suggested that the wing-out display served as a 
pair recognition signal which is used to strengthen pair bonds. He 
observed the display given often by clan members during te r r ito r ia l  
disputes with members of other clans. I was unable to observe
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te r r ito r ia l conflicts because of the wide clan s ite  spearation in 
my study areas. However, I did see the wing-out display given 
between apparent clan members in the absence of an intruding 
conspecific. Ligon (1970) also notes that vocalizations often 
accompanied the wing-out display. My observations indicate that the 
greeting ca ll is a very important part of the wing-out display and 
may in some instances e l i c i t  the display.
Cavity and Resin Well Excavation
Although Lawrence (1967) noted that J). pubescens and j). vi 11 os us 
occasionally nest in liv e  trees, the Red-cockaded Woodpecker seems 
peculiar in its  preference for liv e  pine trees for cavity excavation 
(S te ir ly  1957 and Ligon 1970). The importance of the cavity tree in 
the l i f e  of the Red-cockaded Woodpecker has been emphasized by Ligon 
(1970) who wrote "The roost tree is apparently the single most
important feature in the l i f e  of the Red-cockaded Woodpecker". This
seems also to be the case in V irg in ia as evidenced by the fact that 
a large amount of time is spent excavating cavities .
The function of the resin is unknown. As a predator control i t  
seems to have l i t t l e  e ffec t on ants or squirrels (Ligon 1970,
Dennis 1971a). Jackson (1974) presented convincing evidence that 
copious amounts of pine resin aid in protecting against gray ra t 
snakes ( Elaphe obsoleta spilo ides). No interactions involving 
snakes were observed in my study area.
Even though Dennis (1971) suggested that pine resin might serve 
to ward o ff other birds in competition for the cavity , fresh pine 
resin seems to have l i t t l e  e ffe c t on potential avian usurpers.
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During the course of my observations, I observed Red-bellied 
Woodpeckers and Common Flickers land at the rim of active cavities  
with no apparent e ffe c t.
U tiliza tio n  of Red-cockaded Woodpecker Cavities by Other Species
Ligon (1970) reported that active defense of cavities against 
S. carolinus was common. He also observed Red-cockaded Woodpeckers 
defending cavities against eastern Bluebirds ( S ia lia  s ia l is ) and 
Hairy Woodpeckers (D. v illosu s) . I never observed an overt cavity  
defense by a Red-cockaded Woodpecker in V irg in ia . All cavities being 
u tiliz e d  by other species were abandoned. Dead stubs and p a rt ia lly  
decaying trees are very common in the study area and probably o ffer  
enough suitable nesting locations for other hole nesters to avert 
intensive in terspecific  competition fo r Red-cockaded cavities .
Breeding Biology
The laying and hatching dates reported here for V irg in ia correspond 
closely to those reported for populations elsewhere in the range of 
the Red-cockaded Woodpecker. A somewhat longer incubation period than 
previously reported was observed, however. Even though Ligon (1970) 
has reported four egg clutches, a ll clutches observed in V irg in ia  
contained only three eggs.
The fact that there was no increase in attentiveness during 
incubation or in food v is its  at nests with helpers seems to confirm 
Ligon's (1970) finding that helpers contributed l i t t l e  to the breeding 
process. Basically there are two ideas concerning the possible 
advantages of cooperative breeding. Postponment of breeding in f i r s t  
year adults may confer an advantage on kin broods i f  helpers aid
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in raising the young. Woolfenden (1975) has shown that helper nests 
in the Florida Scrub Jay (A. c.. coerulescens) produce more young 
than non-helper nests.
Woolfenden and F itzpa trick  (1978) have recently suggested an 
alternate  advantage to cooperative breeding. They suggest that 
helpers, by increasing the. productivity o f th e ir  parents, may have 
an increased opportunity to take over portions of the parental 
te r r ito ry .
The data presented here are not s u ffic ie n t to discount e ither  
o f these ideas.
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